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Ethanol production control method 



[0001] 

Technical field 

The present invention relates to ethanol production control and a high^roductivity technology for lactic acid, 
and more particularly to a high expression system suitable to lactic acid production using yeast. 

[0002] 

Background art 

Due to advances in recombinant DNA technology, technologies have been developed that obtain the target 
gene product by making a foreign gene express itself in a host such as a microbe, mold, animal, plant, or 
insect, and growing the gene's transformant. For example, by culturing yeast or the like, it is possible to 
produce a large volume of target gene product through fermentation production. 



There have been several attempts to produce L-lactic acid using yeast. There have also been attempts to 
produce L-4actic acid by incorporating a bovine lactate dehydrogenase (LDH) gene into Saccaromyces 
cerevisiae (Eri Adhi et al., "Modification of metabolic pathway of Saccaromyces cerevisiae by the expression 
of lactate dehydrogenase and deletion of pyruvate genes for the lactic acid fermentation at low pH value," J. 
Ferment. Bioeng. Vol.86, No.3, 284-289, 1988; Danio Porro et al., "Development of metabolically 
engineered Saccaromyces cerevisiae cells for the production of lactic acid," Biotechnol. Prog. Vol.11, 294- 
298, 1995, Kohyo (Japanese unexamined patent publication) No. 2001-516584). However, high^volume 
production of L-lactic acid was not observed in either of these reports. 



It is known that the pyruvate decarboxylase in Saccaromyces cerevisiae has multiple isozymes. In ordinary 
yeast, pyruvate decarboxylase 1 is functioning. However, if this protein does not express itself due to the 
destruction of the main gene, etc., pyruvate decarboxylase 5 functions, thus maintaining ethanol production 
("Autoregulation of yeast pyruvate decarboxylase gene expression requires the enzyme but not its catalytic 
activity," Ines Eberhardt, Hakan Cederberg, Haijuan Li, Stephen Koning, Frank Jordan and Stephen 
Hohmann, Eur. J. Biochem. Vol. 262, 191-201, 1999). 

[0005] 

Disclosure of the invention 

As explained above, a technology for producing L-lactic acid in high volume inside Saccaromyces cerevisiae 
has not previously been perfected. 

One of the objectives of the present invention is to provide a technology to stably produce lactic acid in high 
volume by controlling the production of ethanol inside a host organism having a pyruvate decarboxylase 
gene, such as Saccaromyces cerevisiae. 



The inventors of the present invention conducted research focusing on the lactate dehydrogenase (LDH) that 
is expressed during the production of lactic acid inside Saccaromyces cerevisiae, and discovered that a 
transformant, into which has been incorporated DNA for a foreign protein having lactate dehydrogenase 
activity and provided with pyruvic acid substrate affinity that equals or exceeds the pyruvic acid substrate 
affinity of the pyruvate decarboxylase inherent in the host organism, is effective for lactic acid production. 
Pyruvic acid is the common substrate for pyruvate decarboxylase, which leads to ethanol production; lactate 
dehydrogenase, which acts as a catalyst for lactic acid production; and the like. Now, in this transformant, 
lactate dehydrogenase has a higher level of substrate affinity to pyruvic acid than pyruvate decarboxylase; 
therefore, the ethanol production catalyzed by pyruvate decarboxylase is suppressed and the lactic acid 
production by the foreign lactate dehydrogenase is promoted. In this way, it is possible to increase lactic acid 
production by the transformant. 



[0003] 



[0004] 



[0006] 



[0007] 

Based on the above findings, the following invention can be disclosed: 



One aspect of the present invention is disclosed as a transformant, into which has been incorporated DNA for 
coding a foreign protein having lactate dehydrogenase activity and provided with pyruvic acid substrate 
affinity that equals or exceeds the pyruvic acid substrate affinity of the pyruvate decarboxylase inherent in 
the host organism. The present transformant also provides a transformant into which the aforementioned 
DNA for coding the foreign protein has been controllably incorporated by the promoter of the pyruvate 
decarboxylase gene on the host chromosome or by a homologue of said promoter that replaces said promoter. 

The aforementioned foreign protein in the transformant according to the present invention should preferably 
be a bovine lactate dehydrogenase or its homologue. This protein would be especially effective if it were a 
protein consisting of the amino acid sequence shown in sequence number 1, or its homologue. Furthermore, 
said protein should preferably be coded by the DNA sequence shown in sequence number 3. This DNA 
sequence should preferably be held by the transformant as the DNA sequence shown in sequence number 4. 

The aforementioned promoter on the host chromosome should preferably be a pyruvate decarboxylase 1 gene 
promoter. Furthermore, this promoter should preferably use the DNA sequence shown in sequence number 2 
or its homologue. 

In the present transformant, the aforementioned host organism should preferably be from the Saccaromyces 
family and more preferably be Saccaromyces cerevisiae. 

Another aspect of the present invention is disclosed as a lactic acid manufacturing method provided with a 
process for culturing the present transformant and a process for separating lactic acid from the cultured 
product obtained in the aforementioned process. This method can stably and efficiently manufacture lactic 
acid. 

[0008] 

Brief explanation of drawings 
Figure 1 

Figure 1 is a diagram illustrating the Codon Usage method used for Saccaromyces cerevisiae and its usage 
frequency. 

Figure 2 

Figure 2 is a diagram illustrating the homologue analysis results of the base sequence in a bovine-derived 
LDH and the base sequence in a modified LDH. The top row indicates the base sequence in the bovine- 
derived LDH while the bottom row indicates the modified base sequence, in which the bases that are 
different from the base sequence in the bovine-derived LDH are indicated by symbols (A, T, C or G). 

Figure 3 

Figure 3 is a diagram illustrating the primer structure for synthesizing a long-chain DNA by means of PCR 
used in Embodiment 1 and the synthesis steps (Steps 1 through 4). 

Figure 4 

Figure 4 is a diagram illustrating the plasmid map of the constructed vector pBTrp-PDCl-LDHKCB. 
Figure 5 

Figure 5 is a diagram illustrating a part of the process of constructing the vector shown in Figure 5. 
Figure 6 

Figure 6 is a diagram illustrating another part of the pBTrp-PDCl-LDH construction process. 
Figure 7 

Figure 7 is a diagram illustrating another part of the pBTrp-PDCl-LDH construction process. 
Figure 8 

Figure 8 is a diagram illustrating another part of the process (the last step) of constructing the vector shown 
in Figure 5. 

Figure 9 

Figure 9 is a diagram illustrating a structural change in the target site of the chromosome DNA in the 
transformant obtained in one embodiment. 

Figure 10 
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Figure 10 is a diagram illustrating the volume percentages of lactic acid and the ethanol produced in one 
embodiment. 

Figure 11 

Figure 1 1 is a diagram illustrating the trends in the volume percentages of lactic acid and ethanol produced in 
one embodiment. 

Figure 12 

Figure 12 is a diagram illustrating the pyruvic acid saturation curve of the bovine L-lactate dehydrogenase. 
Figure 13 

Figure 13 is a diagram illustrating the Lineweaver-Burk plot of the bovine L-lactate dehydrogenase. 
Figure 14 

Figure 14 is a diagram illustrating a part of the process for constructing a vector (pBTrp-PDClP-LDH; 
7.1 lkb) having a DNA segment for coding the L-lactate dehydrogenase derived from the lactic bacterium 
Bifidobacterium longum. 

Figure 15 

Figure 15 is a diagram illustrating another part of the process for constructing a vector (pBTrp-PDOPiDH; 
7.1 lkb) having a DNA segment for coding the L-lactate dehydrogenase derived from the lactic bacterium 
Bifidobacterium longum; this diagram illustrates a latter stage of the process shown in Figure 14. 

Figure 16 

Figure 16 is a diagram illustrating the pyruvic acid saturation curve of a pyruvate decarboxylase derived from 
yeast. 

Figure 17 

Figure 17 is a diagram illustrating the Lineweaver-Burk plot of a pyruvate decarboxylase derived from yeast. 
[0009] 

Preferred embodiments of the invention 

Embodiments of the present invention are explained in detail below. 
(Transformant) 

The foreign protein that is expressed in the transformant has lactate dehydrogenase (LDH) activity, 
and, the transformant has pyruvic acid substrate affinity that equals or exceeds the pyruvic acid 
substrate affinity of this enzyme in its relationship with the pyruvate decarboxylase inherent in the 
host organism that is to be transformed. 

The foreign protein that is expressed in the transformant has lactate dehydrogenase (LDH) activity, and in its 
relationship with the pyruvate decarboxylase inherent in the host organism that is to be transformed, has 
pyruvic acid substrate affinity that equals or exceeds the pyruvic acid substrate affinity of this enzyme. 

Here, LDH is known as an enzyme that acts as a medium for a reaction that produces lactic acid from pyruvic 
acid in the glycolytic system of an organism such as yeast. Here, lactic acid includes L(+)4actic acid and D(- 
Hactic acid, but would preferably be L(+)4actic acid. L(+)-lactic is produced by L(+)-LDH and D(-)4actic 
acid is produced by D(-)-LDH. 

[0010] 

LDH can be used as the foreign protein in the present invention. Various types of homologues exist 
depending on the type of organism, or even inside [single] organisms. In the present invention, the protein 
having LDH activity includes natural LDH as well as LDH that is artificially synthesized through chemical 
synthesis or genetic engineering. 

The LDH should preferably be derived from a eucaryotic microbe such as yeast; and more preferably from a 
higher eucaryote, such as a plant, animal, or insect; and even more preferably from even higher eucaryotes, 
including mammals such as bovines. Bovine-derived LDH is the most preferable. An example of a bovine- 
derived LDH is the protein consisting of the amino acid sequence shown in sequence number 1 . 

Bovine-derived LDH that is derived from a muscle, a heart, or the like, is available and can be used. For the 
enzyme number, EC 1.1.1.27 can be used. 
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[0011] 

Furthermore, the foreign protein in the present invention includes homologues of these types of LDH. LDH 
homologues include proteins which has LDH activity, with one or several amino acids in an amino acid 
sequence of a naturally derived LDH replaced, void, inserted, and/or added; and proteins which also has 
LDH activity that are at least 70%, and more preferably at least 80%, homologous in their amino acid 
sequence to a naturally derived LDH. 

Note that the number of variations within the amino acid sequence is not limited as long as the original 
protein function can be maintained, but should preferably be within 70% of the total number of amino acids, 
more preferably within 30%, and most preferably within 20%. 

For example, a desirable homologue would be a protein with one or several amino acids in the amino acid 
sequence shown in sequence number 1 replaced, void, inserted, and/or added, and which has LDH activity; or 
a protein that is at least 70%, and more preferably at least 80%, homologous in its amino acid sequence to the 
amino acid sequence shown in sequence number 1, and which also has LDH activity. 

Note that the homology in the sequence can be determined using a homology search tool such as one 
available from BLAST (http://blast.genome.ad.jp/), or FASTA (http://fasta.genome.ad.jp/SIT/FASTA.html), 
etc. 

[0012] 

Modification of amino acid sequence can be achieved by incorporating a variation that could be a 
replacement, void, an insertion, and/or an addition as needed into the amino acid sequence that is to be 
modified, using a site-specific dislocation incorporation method (Current Protocols I Molecular Biology edit. 
Ausubel et al., (1987) Publish. John Wily & Sons Selection 8.1-8.5), etc. Such a modification is not limited 
to artificial incorporation or synthesis of a variation, and includes those generated by artificial variation 
processes as well as those generated by amino acid variations in the natural world. 

[0013] 

The foreign protein used in the present invention should preferably have high substrate affinity to pyruvic 
acid. Here, substrate affinity means the Km value in the Michaelis-Menten equation as shown in Formula (1). 



Mathematical expression 1 

V 0 = k 2 Eo[S]/([S] + Km) (1) 

Note that V 0 is the steady-state initial speed, [S] is the substrate concentration, [ES] is the concentration of a 
compound consisting of the enzyme and the substrate, Eo is the total concentration of the enzyme, k 2 is a 
speed constant for ES — > E + S. 

The Michaelis-Menten formula is based on the relationship among the substrate S, the enzyme E, the 
substrate-enzyme compound ES, and the product P, expressed by Formula (2) below, ki is the equilibrium 
constant when the product P and the enzyme E are generated from the compound ES, and k- x is the 
equilibrium constant when the compound ES is dissociated into the enzyme E and the substrate S. 

Mathematical expression 2 

E+S^=^ES^^E+P (2) 

[0014] 

Here, Km can be defined from the constants using Formula (3) below. 
Mathematical expression 3 



V 0 = k 2 [ES] 

k,[E][S] = (k 2 + k_,)[ES] 



V 



IMS] = k2±kn. =K m (3) 

[ES] ki 

Furthermore, as indicated by Formula (4), Km can be replaced with various concentrations. 
Mathematical expression 4 

Km=(Eo-[ES])[S]/[ES] (4) 

[0015] 

Substrate affinity can be determined by determining the relationship between the substrate concentration [S] 
and the initial speed V 0 under a constant enzyme concentration, using a graph that shows the substrate 
concentration on the horizontal axis and the initial speed on the vertical axis, for example. Substrate affinity 
can also be determined from a Lineweaver-Burk plot. 

[0016] 

The pyruvic acid substrate affinity of the foreign protein in the present invention, in its relationship with the 
pyruvate decarboxylase inherent in the host organism, should preferably equal or exceed the pyruvic acid 
substrate affinity of this enzyme. Substrate affinity should preferably be compared under the same 
temperature and pH conditions, etc. The temperature and pH conditions can be determined by taking into 
consideration the environment in which these enzymes catalyze in the host organism. For example, the 
substrate affinity of these enzymes should preferably be measured under a temperature of between 30 and 
37°C and a pH of between 6.0 and 7.5. 

[0017] 

The pyruvic acid substrate affinity of the foreign protein should preferably be approximately 1.5 mM or less. 
Because, if the pyruvic acid substrate affinity exceeds 1.5mM, the pyruvate decarboxylase of the host 
organism tends to react with pyruvic acid. More preferably, the value should be 1 mM or less. Even more 
preferably, the value should be 0.5 mM or less, and most preferably should be 0.1 mM or less. 

Furthermore, the pyruvic acid substrate affinity of the foreign protein should preferably equal or exceed the 
pyruvic acid substrate affinity of the pyruvate decarboxylase of the host organism. If the pyruvic acid 
substrate affinity of the foreign is lower than the pyruvic acid substrate affinity of the pyruvate decarboxylase 
of the host organism, the pyruvate decarboxylase of the host organism tends to react with pyruvic acid. In this 
Specification, equal substrate affinities means that the corresponding substrate affinities, i.e., the Km values, 
are equal; a higher substrate affinity means that one substrate affinity (Km value) is lower than the other 
corresponding Km value. 

[0018] 

A DNA for coding such a foreign protein has been incorporated into the present transformant. There is no 
restriction on the source of this DNA, which can be a cDNA, genome DNA, synthetic DNA, or the like. 

Furthermore, this DNA may possess a naturally derived base sequence for coding LDH, or may be a DNA in 
which part or the whole of such a base sequence is modified and which codes a protein possessing LDH 
activity. It may also be a DNA possessing a naturally derived base sequence that codes or synthesizes an 
LDH homologue. 

[0019] 

The DNA used in the present invention may possess a base sequence that uses the Codon Usage method, 
which is often used for the host organism to be transformed. For example, the present DNA may possess a 
base sequence that has been genetically coded using the Codon Usage method in the Saccaromyces family, 
especially Saccaromyces cerevisiae. 

[0020] 

Note that a DNA can be chemically synthesized, or can be synthesized, using the method developed by 
Fujimoto et al. (Hideya Fujimoto, Synthetic Gene Creation Method, Plant Cell Engineering Series 7, Plant 
PCR Experiment Protocol, 1997, Shujunsha Co., Ltd., p95-100), which is a known method for synthesizing 
long-chain DNA. 

[0021] 
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(DNA structure) 

By incorporating the DNA for coding the amino acid sequence of the foreign protein into the host organism 
and letting the protein coded by this DNA express itself, it is possible to produce lactic acid in the host cells. 

For transformation, a DNA structure is used that can express a DNA segment comprised of the present DNA 
inside the host cells. The form of the DNA structure for transformation is not limited in any way, and plasmid 
(DNA), bacteriophage (DNA), retrotranspozon (DNA), or an artificial chromosome (YAC, PAC, BAC, 
MAC, etc.) can be selected and adopted according to the incorporation mode (inside or outside the gene) for 
the foreign gene or the type of host cell. Furthermore, there is no structural restriction, such as linear or 
circular. Therefore, the DNA structure can be provided with the configuration segment of any of these 
vectors other than that of the present DNA itself. The preferred procaryotic cell vectors, eucaryotic cell 
vectors, animal cell vectors, and plant cell vectors are well known in the field 

[0022] 

Note that the plasmid DNA can, for example, be a YCp-type escherichia-yeast shuttle vector, such as 
pRS413, pRS415, pRS416, YCp50, pAUR112, or pAUR123; a YEp-type escherichia^east shuttle vector, 
such as pYES32 or YEpl3; a Yip-type escherichia-yeast shuttle vector, such as pRS403, pRS404, pRS405, 
pRS406, pAURlOl, or pAUR135; a plasmid derived from escherichia (a ColE-type plasmid, such as pBR322, 
pBR325, pUC18, pUC19, pUC119, pTV118N, pTV119N, pBluescript, pHSG298, pHSG396, or pTrc99A; a 
plA-type plasmid, such as pACYC177 or pACYC184; a pSClOl-type plasmid, such as pMW118, pMW119, 
pMW218, pMW219; or the like); or a plasmid derived from Bacillus subtilis (pUBHO, pTP5, etc.). The 
pharge DNA can be a X pharge (Charon4A, Charon21A, EMBL3, EMBL4, XgtlOO, gtll, or zap), c|>X174, 
M13mpl8, or M13mpl9, for example. The retrotranspozon can be a Ty factor, for example. YAC can be 
pYACC2, for example. 

[0023] 

The present DNA structure is produced by severing a fragment containing, for example, the present DNA, 
using an appropriate limiting enzyme, and inserting the fragment into the limiting enzyme site or multi- 
cloning site of the vector DNA being used. 

The first form of the present DNA structure is provided with a promoter segment that links a DNA segment 
comprised of the present DNA, so that said DNA segment can express itself. In other words, the present 
DNA segment is controllably linked by the promoter to the downstream side of the promoter. 

[0024] 

It is preferable to use yeast to express the present DNA product, i.e., a protein having LDH activity; and 
therefore, the use of a promoter that expresses itself inside yeast is preferable. For such a promoter, it is 
preferable to use a pyruvate decarboxylase gene promoter, gall promoter, gal 10 promoter, heat shock protein 
promoter, MFal promoter, PH05 promoter, PGK promoter, GAP prometer, ADH promoter, or AOX1 
promoter, for example. In particular, a pyruvate decarboxylase 1 gene promoter derived from the 
Saccaromyces family is preferable, and the use of the pyruvate decarboxylase 1 gene promoter derived from 
Saccaromyces cerevisiae is more preferable. This is because these promoters are expressed at high degrees in 
the ethanol fermentation route of the Saccaromyces family (cerevisiae). Note that said promoter sequence can 
be isolated using the PCR breeding method, which uses the genome DNA of the pyruvate decarboxylase 1 
gene of a yeast in the Saccaromyces family as the mold. The base sequence of said promoter derived from 
Saccaromyces cerevisiae is shown in sequence number 2. For the promoter segment in the present DNA 
structure, it is possible to use a DNA comprised of the base sequence described in sequence number 2, as 
well as a DNA that is comprised of this base sequence with one or several bases void, replaced, or added, and 
which has promoter activity; or a DNA that is hybridized with a DNA formulated from some or all of the 
sequences in the base sequence shown in sequence number 2 or its complementary strand under stringent 
conditions and which has promoter activity (in other words, the homologue of said promoter). 

[0025] 

The second or another form of the present DNA is provided with the present DNA as well as a DNA segment 
for homologously recombining the host chromosomes. The DNA segment for homologous recombination is a 
DNA sequence that is homologous to the DNA sequence in the vicinity of the target site in the host 
chromosome into which the DNA is to be incorporated. At least one, preferably two, DNA segments for 
homologous recombination should be provided. For example, two DNA segments for homologous 
recombination should preferably have DNA sequences homologous to the DNA on the upstream and 
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downstream sides of the target site on the chromosome, and the present DNA should preferably be linked 
between these DNA segments. 

[0026] 

When incorporating the present DNA into the host chromosome by means of homologous recombination, it 
is possible to incorporate the present DNA in a state that is controllable by a promoter on the host 
chromosome. In this case, by incorporating the present DNA, it is possible to simultaneously destroy the 
endogenous gene that should have been controlled by said promoter and to allow the present DNA, which is 
foreign, to express itself instead of the endogenous gene. This process is especially useful when said 
promoter is a highly expressive promoter in the host cell. 

[0027] 

To create such an expression system on the host chromosome, it is preferable to target a high-expression gene 
in the host chromosome and to incorporate the present DNA into the downstream side of the promoter that 
controls this gene, so that the present DNA is controlled by the promoter. If an ethanol-fermenting microbe, 
such as yeast, is used as the host, it is possible to target a pyruvate decarboxylase gene (particularly, the 
pyruvate decarboxylase 1 gene) and incorporate a DNA for coding an LDH-active protein under the control 
of an endogenous pyruvate decarboxylase gene promoter. In this case, it is possible to make the DNA 
segment for homologous recombination homologous to the sequence in the structural gene region of the LDH 
of the pyruvate decarboxylase 1 gene or its vicinity (including the sequence near the start codon, the 
sequence on the upstream region of the start codon, and the sequence inside the structural gene). Preferably, 
an enzyme in the Saccaromyces family (especially cerevisiae) should be used as the host and a DNA 
structure that targets the pyruvate decarboxylase 1 gene in this host should be used. With such a DNA 
structure, the destruction of the pyruvate decarboxylase 1 gene and replacement of this structural gene with 
LDH can be achieved using only a single vector. Because the pyruvate decarboxylase 1 gene is an enzyme 
that mediates the irreversible reaction from pyruvic acid to acetoaldehyde, the destruction of its gene can be 
expected to suppress the production of ethanol via acetoaldehyde, and at the same time promote the 
production of lactic acid by LDH, which uses pyruvic acid as the substrate. 

[0028] 

Even the first DNA structure can be made into a DNA structure for homologous recombination by providing 
it with a DNA segment for homologous recombination with the host chromosome. In the first DNA structure, 
the promoter segment inside the DNA structure can also be used as the DNA segment for homologous 
recombination. For example, for the host Saccaromyces cerevisiae, a DNA structure that has the promoter in 
the Saccaromyces cerevisiae host chromosome, e.g., the pyruvate decarboxylase 1 gene promoter as a 
promoter segment comprises a targeting vector that has said gene 1 as the target site. In this case, the first 
DNA structure should preferably be provided with a sequence homologous to the structural gene region of 
the pyruvate decarboxylase 1 gene. 

[0029] 

Note that it is possible to link to the DNA structure, a terminator, and as needed, a cis-element such as an 
enhancer, a splicing signal, a polyA additional signal, a selective marker, or a ribosome bond sequence (SD 
sequence). There are no special restrictions on the selective marker, and various types of known marker 
genes can be used, such as drug^-esistant genes or auxotrophic genes. For example, the dihydrofolate 
reductase gene, ampicilin-resistant gene, neomycin-resistant gene, or the like can be used. 

[0030] 

(Transformation by DNA structure) 

Once a DNA structure has been built, it can be incorporated into an appropriate host cell by means of an 
appropriate method, such as the transformation method, the transfection method, the bonding method, 
protoplast fusion, the electropolation method, the lipofection method, the lithium acetate method, the particle 
gun method, the calcium phosphate precipitation method, the agrobacterium method, the PEG method, or the 
direct microinjection method. After the incorporation of the DNA structure, the recipient cell is cultured in a 
selective media. 

[0031] 

For the host cell, it is possible to use a bacterium such as Escherichia coli or Bacillus subtilis; a yeast such as 
Saccaromyces cerevisiae, Saccaromyces pombe, or Pichia pastoris; an insect cell such as sf9 or sf21; an 
animal cell such as a COS cell or a Chinese hamster ovarian cell (CHO cell); or a plant cell from sweet 
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potato, tobacco, or the like. The host cell should preferably be a microbe, such as yeast, that causes alcoholic 
fermentation, or an acid-resistant microbe, examples of which include yeasts represented by the 
Saccaromyces family, such as Saccaromyces cerevisiae. Specific examples include the Saccaromyces 
cerevisiae IFO2260 strain and YPH strain. 

[0032] 

In the transformant created by the DNA structure, the structural components of the DNA structure are present 
on the chromosomes or extrachromosomal elements (including artificial chromosomes). If the DNA structure 
is maintained outside the chromosome or is incorporated into the chromosome based on random integration, 
other types of yeast that use pyruvic acid, which is the substrate for LDH, as the substrate, e.g., the pyruvate 
decarboxylase gene (the pyruvate decarboxylase 1 gene in the case of yeasts belonging to the Saccaromyces 
family), should preferably be knocked out by the targeting vector. 

When the DNA structure that is described above and that can achieve homologous recombination is 
incorporated, a DNA segment, which is the present DNA controllably linked by the desired promoter on the 
host chromosome, is present on the downstream side of said promoter or a homologue of said promoter that 
replaces said promoter. In the transformant of a yeast in the Saccaromyces family, it is preferable to provide 
the present DNA on the downstream side of the pyruvate decarboxylase 1 gene promoter on the host 
chromosome or a homologue of said promoter that replaces said promoter, so that the present DNA can be 
controlled by said promoter. 

Furthermore, a selective marker gene and part of the destroyed structural gene (at the site corresponding to 
the homologous sequence on the DNA structure) are normally present on the downstream side of the present 
DNA in a homologous recombinant. 

[0033] 

Whether or not the present DNA has been incorporated under the desired promoter can be checked using the 
PCR method or the Southern hybridization method. For example, it is possible to check this by formulating 
DNA from the transformant, performing PCR with an incorporation site-specific primer, and detecting the 
expected band from the PCR product in electrophoresis. Alternatively, it is also possible to perform PCR 
with a primer that has been marked with a fluorescent dye, etc. These methods are known to those skilled in 
the art. 

[0034] 

(Manufacturing of lactic acid) 

Culturing the transformant obtained by incorporating the DNA structure produces lactic acid, which is an 
expression product of the foreign gene, in the cultured product. Lactic acid can then be obtained by 
separating it from the cultured product. In the present invention, "cultured product" includes the culture 
supernatant, as well as the cultured cell or microbe, and the crushed form of the cell or microbe. 

For culturing the transformant according to the present invention, the culturing conditions can be selected 
according to the type of transformant. These culturing conditions are known to those skilled in the art. 

For the medium for culturing the transformant obtained using a microbe, such as Escherichia coli or yeast, as 
the host, any natural or synthetic medium can be used provided that it contains a carbon source, a nitrogen 
source, and inorganic salts, etc. that the microbe can utilize, and that it can efficiently culture the 
transformant. For the carbon source, carbohydrates such as glucose, fructose, sucrose, starch, or cellulose; 
organic acids such as acetic acid or propionic acid; or alcohols such as ethanol or pronpanol can be used. For 
the nitrogen source, ammonium salts of inorganic or organic acids, such as ammonium chloride, ammonium 
sulfide, ammonium acetate, or ammonium phosphate; other nitrogen-containing compounds; peptone; meat 
extract; or corn steep liquor can be used. For the inorganics, potassium phosphate, magnesium phosphate, 
magnesium sulfate, sodium chloride, ferrous sulfate, manganese sulfate, copper sulfate, or calcium carbonate, 
etc. can be used. 

[0035] 

Culturing is usually performed under an aerated condition, such as shake culture or aerobic agitation culture, 
at 30°C for 6 to 24 hours. During culturing, the pH level should preferably be maintained between 2.0 and 
6.0. The pH level can be adjusted using an inorganic or organic salt, an alkaline solution, or the like. During 
culturing, an antibiotic, such as ampicilin or tetracycline, may be added to the medium as needed. 
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[0036] 

For the medium for culturing the transformant obtained using an animal cell as the host, an RPMI1640 
medium or a DMEM medium, which are commonly used, or a medium consisting of either of these with 
bovine fetal serum or the like added to it may be used. Culturing is normally performed under the presence of 
5% C0 2 at 37°C for 1 to 30 days. During culturing, an antibiotic such as kanamycin or penicillin may be 
added to the medium as needed. 

[0037] 

Culturing can be performed using a batch method or a continuous method. For the culturing method, a 
method can be used that obtains lactic acid in the form of a lactate, such as ammonium lactate or calcium 
lactate, while neutralizing the lactic acid with an alkali such as ammonium or calcium salt. A method that 
obtains lactic acid as free lactic acid can also be used. 

After culturing is finished, various types of ordinary refining methods can be used in combination for 
separating the lactic acid, which is a gene product, from the cultured product. For example, if lactic acid is 
produced inside transformed cells, the gene product can be separated from the cells using a regular method, 
such as ultrasound destruction, grinding, or pressure crushing, to destroy the cells of the bacteria. In this case, 
protease should be added as needed. If lactic acid is produced in the culture supernatant, solids are removed 
from this solution through filtering, centrifugal separation, or the like. 

[0038] 

For example, after the culturing process is finished, the cultured liquid can be separated into solid and liquid 
through at least a single solid-liquid separation process, such as belt pressing, centrifugal separation, or filter 
pressing. It is preferable to apply a refining process to the separated filtrate. In the refining process, 
electrodialysis, for example, can be used to remove organic acids and sugars other than lactic acid from the 
filtrate containing lactic acid and to obtain a lactic acid solution or ammonium lactate solution. If an 
ammonium lactate solution is obtained, ammonium can be decomposed using a bipolar membrane, etc. to 
produce an aqueous solution of lactic acid and aqueous ammonia. If the amount of organic acids and sugars 
other than lactic acid in said filtrate is small, it is also possible to skip electrodialysis, concentrate the liquid 
by evaporating the moisture as needed, and then use a bipolar membrane. 

Note that for the cultured liquid and crudely extracted fractions, various refining and separation methods, 
such as separation and extraction using an organic solvent and distillation, can be used in addition to the 
aforementioned methods to refine lactic acid or its salt. Furthermore as needed, various types of lactic acid 
derivatives can be obtained by applying esterization, lactid conversion, olygomerization, or 
prepolymerization to the cultured liquid, crudely extracted fraction, or its refined product. As needed, lactic 
acid, its salt, and one or more kinds of lactic acid derivatives can be collected from the lactic acid 
fermentation liquid. 

[0039] 

(Embodiments) 

Although embodiments of the present invention are described below, they are not intended to specifically 
limit the scope of the present invention. 

[0040] 

(Embodiment 1 : Design of the DNA sequence of L4actate dehydrogenase gene) 

In order to efficiently produce L4actate dehydrogenase, which is derived from bovine, a high eucaryote, in 
the Saccaromyces cerevisiae family of yeast, we designed a new, non-naturally occurring gene sequence for 
the DNA that codes the amino acid sequence of the bovine-derived L4actate dehydrogenase. 

1) The codon that is often used in Saccaromyces cerevisiae was used. 

2) Kozaks sequence (ANNATGG) was added straddling the start codon. 

3) Unstable sequences and repeated sequences in mRNA were eliminated as much as possible. 

4) The GC content deviation was made uniform over the entire region. 

5) Measures were taken to ensure that restriction enzyme sites, not suitable to gene cloning, would not be 
created inside the designed sequence. 

6) Restriction enzyme EcoRI, Xhol, and AfllH sites, which are useful for the two ends to be incorporated into 
the chromosome incorporation type vector, were added. 
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For the codon usage frequency in yeast, the Saccaromyces cerevisiae codon usage obtained from the codon 
usage database (http://www.kazusa.or.jp/codon/) is shown in Figure 2. In this figure, the codons that are used 
frequently for specific amino acids are identified (the underlined codons). 

[0041] 

A new DNA sequence (999bp) for coding a protein having the LDH activity obtained based on the design 
guidelines in 2) through 5) above and by applying the frequently used codon in the codon usage shown in 
Figure 1 (hereafter referred to as "LDHKCB gene") is shown in sequence number 3. Additionally, a DNA 
sequence (1052bp) that includes the DNA sequence shown in sequence number 3, as well as the upstream 
side of its start codon and the downstream side of its stop codon (hereafter referred to as "LDHKCB 
sequence"), is shown in sequence number 4. 

[0042] 

In the DNA sequence shown in sequence number 3, codons that were different from those used in the 
original DNA sequence were used in all amino acids except methionine. Note that the newly adopted codons 
were all frequently used codons from among those shown in Figure 1. Furthermore, Figure 2 shows the result 
of a computer-based homology analysis of the original bovine-derived LDH gene and the LDHKCB gene. As 
is clear from Figure 2, it was discovered that a large number of replacements were needed over almost the 
entire DNA sequence. 

[0043] 

(Embodiment 2: Complete synthesis of the LDHKCB sequence) 

In this embodiment, the method of Fujimoto et al. was used, which is a known method for synthesizing long- 
chain DNA (Hideya Fujimoto, Synthetic Gene Creation Method, Plant Cell Engineering Series 7, Plant PCR 
Experiment Protocol, 1997, Shujunsha Co., Ltd., p95-100). The principle behind this method is as follows: 
oligonucleotide primers of around 100 mer are created so as to have an overlap of between 10 and 12 mer at 
the 3' end. Then, the missing area is extended using the overlapped region between the oligonucleotide 
primers, and is amplified through a PCR using the primers at both ends. This operation is sequentially 
repeated to synthesize the target long-chain DNA. For the PCR amplifier, Gene Amp PCR system 9700 (P.E. 
Applied Biosystems Inc.) was used. 

Specifically, the two kinds of oligonucleotide primers to be linked were mixed first, and a DNA extension 
reaction was carried out at 96°C for 2 minutes, 68°C for 2 minutes, 54°C for 2 minutes, and 72°C for 30 
minutes under the presence of KOD-plus-DNA polymerase (Toyobo). Next, using 1/10 of the sample as a 
mold, a PCR (polymerase chain reaction) was carried out. In this reaction, the sample was first kept at 96°C 
for 2 minutes; it was then put through 25 cycles (with each cycle consisting of 96°C for 30 seconds, 55°C for 
30 seconds, and 72°C for 90 seconds) under the presence of primers at both ends; and finally was kept at 4°C. 
For the reaction, the buffer and dNTPmix, etc. that came with the DNA polymerase were used. 

A series of overlapping PCRs were carried out according to Figure 3 to create the gene fragments that were 
ultimately targeted. The DNA sequences of all 28 primers shown in Figure 3 (BA, B01, BB, B02, BC, B03, 
BD, B04, BE, B05, BF, B06, BG, B07, BH, B08, BI, B09, BJ, B10, BK, Bll, BL, B12, BM, B13, BN, and 
B14) are shown in sequence numbers 5 through 32, respectively. After the base sequence of the synthesized 
LDHKCB gene was verified, a restriction enzyme process using EcoRI was applied. The sequence was then 
linked to the pCR2.1 TOPO Vector (Invitirogen), to which an enzyme process using EcoRI had been applied 
in a similar manner, using a normal method. This vector is referred to as the pBTOPO-LDHKCB vector. 

[0044] 

(Embodiment 3: Construction of a vector for yeast chromosome incorporation) 

A yeast chromosome incorporation-type vector was constructed using the LDHKCB sequence completely 
synthesized in Embodiment 2. This vector is referred to as pBTRP4>DCl -LDHKCB and its plasmid map is 
shown in Figure 4. 

1. Isolating PDC1P fragments for constructing pBTrp-PDC 1 -LDHKCB 

PDC1P fragments were isolated by means of the PCR amplification method that uses the genome DNA of 
the Saccaromyces cerevisiae YPH strain (Stratagene Corp.) as the mold. 

[0045] 
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The genome DNA of the Saccaromyces cerevisiae YPH strain was prepared using the Fast DNA Kit (Bio 
101 Inc.), which is a genome preparation kit, and according to the detailed protocol described in the appendix. 
DNA concentration was measured using the spectrophotometer Ultro spec 3000 ( Amersham Pharmacia 
Biotech Inc.). 

[0046] 

For the PCR, Pyrobest DNA Polymerase (Takara Shuzo Co., Ltd.), which is said to produce highly precise 
amplified fragments, was used as the amplification enzyme. A total of 50 |al of reaction solution, containing a 
50 ng/sample of the genome DNA of the Saccaromyces cerevisiae YPH strain prepared using the 
aforementioned method, a 50 pmol/sample of the primer DNA, and a 0.2 units/sample of Pyrobest DNA 
Polymerase, were prepared. The reaction solution was put through DNA amplification using a PCR amplifier 
system (Gene Amp PCR system 9700 made by P.E. Applied Biosystems Inc.). The reaction conditions for 
the PCR amplifier were as follows: the solution was first kept at 96°C for 2 minutes; it was then put through 
25 cycles (with each cycle consisting of 96°C for 30 seconds, 55°C for 30 seconds, and 72°C for 90 seconds); 
and finally was kept at 4°C. The PCR-amplified fragments were verified to be amplified gene fragments by 
means of electrophoresis in 1% TBE agarose gel. Note that a synthetic DNA (Sawaday Technology Co.) was 
used as the primer DNA for the reaction; the DNA sequence of this primer is described below. 

[0047] 

• A restriction enzyme BamHl site was added to the PDClPiDH-U (31 mer, Tm value of 58.3°C) end. 
: ATA TAT GGA TCC GCG TTT ATT TAC CTA TCT C (sequence number 33) 

• A restriction enzyme EcoRI site was added to the PDClPiDH^) (31 mer, Tm value of 54.4°C) end. 
: ATA TAT GAA TTC TTT GAT TGA TTT GAC TGT G (sequence number 34) 

[0048] 

2. Constructing a recombinant vector containing a promoter and the target gene 

Under the control of the promoter sequence for pyruvate decarboxylase 1 gene (PDC1) derived from 
Saccaromyces cerevisiae, a bovine-derived L-lactate dehydrogenase gene (LDH gene) was used as the target 
gene. 

[0049] 

The new chromosome incorporation-type vector constructed for constructing the present recombinant vector 
was named pBTrp-PDCl-LDHKCB. The details of an example of constructing the present vector are 
described below. An overview of the present embodiment is illustrated in Figures 5 through 8. Note that the 
procedure for constructing the vector is not limited to that described here. 

When constructing the vector, the PDC1 gene promoter fragment (PDC1P) 971 bp and the PDC1 gene 
downstream region fragment (PDC1D) 518bp were isolated using the PCR amplification method that uses 
the genome DNA of the Saccaromyces cerevisiae YPH strain as the mold, as described above. Although the 
procedure described above was used for PCR amplification, the following primers were used for amplifying 
the PDC1 gene downstream region fragment: 

• A restriction enzyme Xhol site was added to the PDC1D-LDH-U (34 mer, Tm value of 553°C) end. 
: ATA TAT CTC GAG GCC AGC TAA CTT CTT GGT CGA C (sequence number 35) 

• A restriction enzyme Apal site was added to the PDC1D-LDH-D (31 mer, Tm value of 54. 4°C) end. 
: ATA TAT GAA TTC TTT GAT TGA TTT GAC TGT G (sequence number 36) 

[0050] 

After the PDC1P and PDC1D amplified gene fragments obtained through the aforementioned reactions were 
each refined through an ethanol precipitation process, the PDC1P amplified fragment and the PDC1D 
amplified fragment were reacted with restriction enzymes BamHI/EcoRI and Xhol/Apal, respectively. Note 
that all of the enzymes used below were made by Takara Shuzo Co., Ltd. Additionally, the series of detailed 
operations in the ethanol precipitation process and the restriction enzyme processes were based on 
"Molecular Cloning - A Laboratory Manual, Second Edition" (Maniatis et al., Cold Spring Harbor 
Laboratory Press, 1989). 

[0051] 
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The series of reaction operations for constructing the vector were carried out according to a generally known 
DNA subcloning method. That is, the PDC1P fragment, which had been amplified by the aforementioned 
PCR method and to which a restriction enzyme process had been applied, was linked through a T4 DNA 
Ligase reaction to the pBluescriptll SK + vector (Toyobo), to which the restriction enzyme BamHI/EcoRI 
(Takara Shuzo) and the dephosphorylase Alkaline Phosphotase (BAP, Takara Shuzo) had been applied 
(Figure 5 top row). For the T4 DNA Ligase reaction, the LigaFast Rapid DNA Ligation System (Promega 
Corporation) was used, following the included detailed protocols. 

[0052] 

Next, transformation to competent cells was carried out using the solution in which the ligation reaction had 
taken place. For the competent cells, Escherichia coli JM109 strain (Toyobo) was used, following the 
included detailed protocols. The obtained cultured solution was sprayed onto an LB plate containing the 
antibiotic ampicilin at the rate of 100 ixg/ml, and incubated overnight. The colony that grew was verified with 
the colony PCR method using the primer DNA of the insert fragment, and with a restriction enzyme process 
for a plasmid DNA solution prepared through miniprep. The target vector (pBPDClP vector) was then 
isolated (Figure 5 middle row). 

[0053] 

Next, as shown in the middle row in Figure 5, the LDHKCB gene fragment, obtained by processing the 
pBTOPO-LDHKCB vector constructed by Kabushiki Kaisha Toyota Chuo Kenkyusho. with the restriction 
enzyme EcoRI and the end^nodification enzyme T4 DNA polymerase, was subcloned, using the same 
operation as described above, into the pPDClP vector likewise processed with the restriction enzyme EcoRI 
and the terminal modification enzyme T4 DNA polymerase, to create the pBPDClP^DHKCB vector 
(Figure 5 bottom row). 

[0054] 

On the other hand, as shown in Figure 6, the LDH gene (derived from Bifidobacterium longum) fragment 
obtained by processing the pYLDl vector, constructed by Toyota Jidosha Kabushiki Kaisha, with the 
restriction enzyme EcoRI/Aatn and the end^nodification enzyme T4 DNA polymerase, was subcloned, using 
the same operation as described above, into the pBPDClP vector likewise processed with the restriction 
enzyme EcoRI and the terminal modification enzyme T4 DNA polymerase, to create the pBPDClP-LDHl 
vector (Figure 6). Note that the aforementioned pYLDl vector has been incorporated into Escherichia coli 
(name: E. coli pYLDl) and has been internationally deposited with the International Patent Organism 
Depositary of the National Institute of Advanced Industrial Science and Technology (Chuo No. 6, 1-1-1 
Higashi, Tsukuba-shi, Ibaraki4cen, 305-8566 Japan) under deposit No. FERM BP-7423 in accordance with 
the Budapest Convention (the original deposit date: October 26, 1999). 

[0055] 

Next, as shown in Figure 7, this vector was processed with Xhol/Apal and was linked to the amplified 
PDC1D fragment, to which a restriction enzyme had been applied in the same manner, to create the 
pBPDClP-LDH vector (Figure 7 top row). Lastly, the pBPDClP^DHII vector, to which a EcoRV process 
had been applied, was linked to a Trp maker fragment obtained by applying the Aatll/Sspl process and the 
T4 DNA polymerase process to the pRS404 vector (Stratagene Inc.), to construct the pBTrp-PDC 1 -LDH 
vector. 

[0056] 

Next, as shown in Figure 8, the pBPDClP4.DHKCB vector was processed with restriction enzymes 
Apal/EcoRI; separately, the pBTrp-PDCl-LDH vector was processed into fragments containing the Trp 
marker processes with restriction enzymes Apal and Stul. The amplified fragments were linked to construct 
the chromosome incorporation-type pBTrp-PDCl -LDHKCB vector, which is the final construct. 

[0057] 

In order to verify the constructed chromosome incorporation-type pBTrp-PDCl -LDHKCB vector, base 
sequence determination was performed. An ABI PRISM 310 Genetic Analyzer (P.E. Applied Biosystems 
Inc.) was used for analyzing the base sequence, and details such as the method of preparing samples and 
using the instrument were based on the manual provided with the analyzer. The vector DNA to be used as the 
sample was prepared with an alkali extraction method. Before using this sample, it was first colunuwefined 
using the GFX DNA Purification kit (Amersham Pharmacia Biotech Inc.), and then its DNA concentration 
was measured with the Ultro spec 3000 spectrophotometer (Amersham Pharmacia Biotech Inc.). 
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[0058] 

(Embodiment 4: Transformation of yeast) 

The gene incorporates into yeast according to the method developed by Ito et al. (Ito, H., Y. Fukuda, K. 
Murata and A. Kimura, Transformation of intact yeast cells treated with alkalications, J. Bacterid. Vol. 153, 
p 163-168). That is, the yeast IFO2260 strain (a strain registered with the Institute of Fermentation, Osaka), 
from which the tryptophan-synthesizing function had been removed, was cultured in 10 ml YPD medium at 
30°C until it reached the logarithmic growth phase. It was then collected and rinsed with TE buffer. Next, 0.5 
ml of TE buffer and 0.5 ml of 0.2M lithium acetate were added, and the mixture was shake-cultured at 30°C 
for 1 hour. Then, the chromosome incorporation-type pBTrp-PDCl-LDHKCB vector constructed using the 
method in Embodiment 3 was processed with restriction enzymes Apal and SacI (both made by Takara 
Shuzo), and was added to the culture. 

[0059] 

After the present yeast suspension was shake-cultured at 30°C for 30 minutes, 150 jliI of 70% polyethylene 
glycol 4000 (Wako Pure Chemical Industries) was added and the mixture was agitated well. Then, after the 
mixture was shake-cultured at 30°C for 1 additional hour, a heat shock was applied at 42°C for 5 minutes. 
The bacteria was then rinsed and suspended in 200 jul of water, and this solution was applied to a tryptophan 
selective culture medium. 

[0060] 

The obtained colony was applied to a new tryptophan streak culture medium, and selected strains that had 
demonstrated stability were checked for gene incorporation using PCR analysis. The genome DNA of the 
yeast to be used for PCR was prepared by shake-culturing a single colony in 2 ml of YPHD media overnight, 
collecting the bacteria, adding 50 mM Tris-HCL 500 jil and glass beads (425 - 600 jam, acid washed, 
SIGMA), and putting the mixture through a vortex at 4°C for 15 minutes. The supernatant of this solution 
was put through ethanol precipitation and was dissolved in 50 jul of sterilized water. Using 5 jul of the 
prepared genome DNA as the mold, PCR was performed in 50 |ul of reaction solution. EX Taq DNA 
Polymerase (Takara Shuzo) was used for the DNA amplification enzyme, and the PCR amplifier Gene Amp 
PCR system 9700 (P.E. Applied Biosystems Inc.) was used. The reaction condition for the PCR amplifier 
was as follows: the solution was first kept at 96°C for 2 minutes; it was then put through 30 cycles (with each 
cycle consisting of 96°C for 30 seconds, 55°C for 30 seconds, and 72°C for 90 seconds); and finally was kept 
at 4°C. The sequences of the primers used were as follows: 

LDH-KCB-U : TGG TTG ATG TTA TGG AAG AT (20 mer) (Sequence number 37) 
LDH-KCB-D : GAC AAG GTA CAT AAA ACC CAG (21 mer) (Sequence number 38) 
PDC1P-U3 : GTA ATA AAC ACA CCC CGC G (19 mer) (Sequence number 39) 
[0061] 

Those strains that possess a stable tryptophan-synthesizing function and for which PCR was verified under 
these primers were judged to be transformants into which the LDHKCB gene had been appropriately 
incorporated. In the present embodiment, three kinds of bacterial strains, namely KCB-27, KCB-210, and 
KCB-211, were obtained as such transformants. Figure 9 shows the genome chromosome structures of these 
yeast Saccaromyces cerevisiae transformants. 

[0062] 

(Embodiment 5: Measurement of L-lactic acid production volume in the transformants) 

Fermentation experiments were conducted on the three kinds of transformants created. As pre-culturing, the 
transformants were cultured overnight in a YPD solution medium with 2% glucose concentration. After the 
bacteria were collected, and rinsed, they were planted in a YPD solution medium with 15% glucose 
concentration such that the bacterial concentration was 1 % (0.5 g/50 ml), and were left to ferment at 30°C for 
several days. This fermented solution was sampled every 24 hours and the volume of L-lactic acid contained 
was estimated[sic]. For measuring the volume produced, Biosensor BF-4 (Oji Scientific Instruments) was 
used following the detailed measurement methods described in the user's manual for the instrument. 

[0063] 

Figure 10 and Table 1 show the measurement results of the L-lactic acid volume and the ethanol volume in 
the cultured solution on the third day of fermentation with a glucose concentration of 15%. As for the KCB- 
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27 strain, Figure 1 1 and Table 2 show the trends in L4actic acid volume and ethanol volume between the 0 th 
and 5 th days. 

[Table 1] 



Strain 


Production volume (%) 


Lactic acid 


Ethanol 


IF02260 


0 


7.34 


KCB-27 


4.92 


5.01 


KCB-210 


4.78 


5.14 


KCB-211 


4.57 


5.26 



[Table 2] 



Strain 


Production 
volume (%) 


Number of days passed 


0 


1 


3 


5 


IF02260 


Glucose 


15 


1.84 


0 


0 


Lactic acid 


0 


0 


0 


0 


Ethanol 


0 


6.69 


7.21 


7.38 


KCB-27 


Glucose 


15 


2.2 


0 


0 


Lactic acid 


0 


3.01 


4.73 


4.92 


Ethanol 


0 


4.69 


5.11 


5.06 



Even though only a single copy of the LDHKCB gene had been incorporated into each of the transformants 
into which the LDHKCB gene was incorporated (KCB-27, KCB-210, and KCB-211 strains), production of 
between 4.5 and 5.0% (45.0 to 50.0 g) of L-lactic acid was confirmed in each 1 L of the culture solution. 
Meanwhile, ethanol production was 5%, which was approximately 2.5% less than would be expected with 
the parent strain. 

This result clearly indicates an extremely significant increase in the production of L-lactic acid in 
Saccaromyces cerevisiae as compared to the cases reported in the past. Furthermore, this increase in 
production volume is presumed to be due to the introduction of LDH with substrate affinity equal to or higher 
than the pyruvic acid substrate affinity of the pyruvate decarboxylase derived from yeast. It is also presumed 
that introducing LDH under the control of the Pyruvate decarboxylase 1 gene promoter on the chromosome 
contributed as well. 

The above result shows that even a single copy can produce a significant increase in the production volume. 
Therefore, it can be presumed that the introduction of two or more copies would increase the production 
volume even further. 

[0064] 

(Embodiment 6: Measurement of the pyruvic acid substrate affinity (Michaelis constant and Km value) of the 
L-lactate dehydrogenase derived from various eucaryotes) 

The pyruvic acid substrate affinity (Michaelis constant and Km value) of the L-lactate dehydrogenase derived 
from bovine was measured using the method described below. The result was compared to the pyruvic acid 
substrate affinity of the L4actate dehydrogenase derived from Lactobacillus. 

To measure the pyruvic acid substrate affinity (Km value), pyruvic acid, NADH, and FBP were first added to 
refined L-lactate dehydrogenase to cause a fermentation reaction. Then, the reduction rate of NADH was 
determined with a spectrophotometer (Ubest-55 made by JASCO) at ABS : 340 nm, and the activity of each 
L-lactate dehydrogenase was determined. 

Next, based on the value of the L-lactate dehydrogenase activity at various pyruvic acid concentration levels, 
a Lineweaver-Burk plot was created computed from the pyruvic acid saturation curve and the individual 
inverse numbers. The pyruvic acid substrate affinity (Michaelis constant and Km value) of the L4actate 
dehydrogenase was then determined. 

[0065] 

A solution prepared by adding 50 mMMOPS buffering solution (made by Narakai) with its pH adjusted to 
7.0, 0.15 mM NADH (made by SIGMA), and 1 mM FBP (SIGMA) to 0.05 |ig of refined bovine muscle- 
derived L-lactate dehydrogenase (SIGMA) was kept at 37°C for 2 to 3 minutes. 
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Next, pyruvic acid (Wako Pure Chemical Industries) at various concentration levels (0.01 to 100 mM) was 
added. After quick mixing, the solution was set in a spectrophotometer (Ubest-55 made by JASCO) and the 
change in absorbance over 1 minute was determined at ABS : 340 nm. 

Note that the LDH activity was determined using the following formula (Mathematical expression 5): 
[Mathematical expression 5] 

Absorbance change over 1 minute 1000 jug 200 jil 1 

LDH activity value (U/mg protein) x x x 

0.0063 0.05 ng 1000 nl 1000 

Note that the operation was carried out in accordance with 1) Minowa T., Iwata S., Sakai H., and Ohta T., 
Sequence and characteristics of the Bifidobacterium longum gene encoding L-lactate dehydrogenase and 
primary structure of the enzyme; a new feature of the allosteric site., Gene, 1989, Vol. 85, 161-168; and 2) 
the description in the user's manual included with SIGMA Lactate Dehydrogenase (LDH/LD). 

[0066] 

Based on the LDH activity obtained, a pyruvic acid saturation curve was created with [V] = LDH enzyme 
accuracy (U/mg) on the vertical axis and [S] = pyruvic acid concentration (mM) on the horizontal axis. This 
graph is shown in Figure 12. 

Furthermore, a Lineweaver-Burk plot computed from individual inverse numbers was respectively created 
with 1/[V] and 1/[S] on the vertical and horizontal axes. Figure 13 shows this plot for the present enzyme. 

The pyruvic acid concentration substrate affinity (Km value) was computed utilizing the fact that the 
intersection between the Lineweaver-Burk plot and the 1/[V] axis is 1/Vmax and the intersection between the 
plot and the 1/[S] axis is -1/Km. 

[0067] 

Each Lineweaver-Burk plot showed that the pyruvic acid substrate affinity of the L-lactate dehydrogenase 
derived from bovine muscle was 0.1 mM. The inventors of the present invention possess the knowledge that 
the pyruvic acid substrate affinity of the L-lactate dehydrogenase derived from the Lactobacillus 
Bifidobacterium longum is 1.0 mM. 

[0068] 

The volumes of L-lactic acid and alcohol produced by a recombinant yeast obtained by incorporating the 
DNA for coding the L-lactate dehydrogenase derived from the Lactobacillus Bifidobacterium longum into a 
host and letting it express itself to a high degree are described below. (The fermentation conditions were 
30°C for 3 days in a YPD medium with 15% glucose concentration.) Figures 14 and 15 show the vector 
(pBTrp4>DClP-LDH; 7.11 kb) for obtaining said Lactobacillus -derived recombinant yeast and the process 
for constructing it. In said transformed yeast, said gene was controllably incorporated by the PDC1 promoter 
through knock-in into the PDC gene locus on the host chromosome. It has been confirmed that this 
transformed yeast is a 2-copy body into which said L-lactate dehydrogenase genes have been incorporated 
into a pair of PDC gene loci on the host chromosome. Note that the operations for constructing said vector 
and transforming the yeast are the same as those in Embodiments 3 and 4, except for those steps shown in 
Figures 14 and 15. 

[0069] 

As shown in Table 3, when this result is compared with the result obtained from the bovine muscle-derived 
L-lactate dehydrogenase tested in Embodiment 5, the volume of L-lactic acid produced by the yeast with the 
bovine muscle-derived LDH incorporated is approximately twice that of the yeast with the Lactobacillus- 
derived LDH incorporated. 
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[Table 3] 





Production volume (%) 


L4actic acid 


Ethanol 


Yeast with bovine muscle-derived LDH incorporated (pyruvic acid 
substrate affinity: 0.1 mM) 


4.92% 


5.01% 


Yeast with Lactobacillus Bifidobacterium longum-derived LDH 
incorporated 

(pyruvic acid substrate affinity: 1.0 mM) 


2.46% 


6.11% 



[0070] 

(Embodiment 7: Measurement of the pyruvic acid substrate affinity (Michaelis constant and Km value) of the 
pyruvate decarboxylase derived from yeast) 

To measure the activity of the yeast-derived pyruvate decarboxylase and the pyruvic acid substrate affinity 
(Km value), pyruvic acid, NADH, and thiamin were first added to refined pyruvate decarboxylase to cause a 
fermentation reaction. Then, the reduction rate of NADH was determined with a spectrophotometer (Ubest- 
55 made by JASCO) at ABS : 340 nm, and the activity of the yeast-derived pyruvate decarboxylase was 
determined. 

Next, based on the value of the pyruvate decarboxylase activity at various pyruvic acid concentration levels, 
a Lineweaver-Burk plot computed from the pyruvic acid saturation curve and the individual inverse numbers 
was created, and the pyruvic acid substrate affinity (Michaelis constant and Km value) of the pyruvate 
decarboxylase was determined. 

[0071] 

A solution prepared by adding 34 mM Imidasol HC1 buffering solution (made by Wako Pure Chemical 
Industries) with its pH adjusted to 7.0, 0.15 mM NADH (made by SIGMA), and 0.2 mM Tiamine 
Pyrophospate (SIGMA) to 0.05 jug of refined yeast-derived pyruvate decarboxylase (SIGMA) was kept at 
37°C for 2 to 3 minutes. 

Next, pyruvic acid (Wako Pure Chemical Industries) at various concentration levels (0.01 to 100 mM) was 
added. After quick mixing, the solution was set in a spectrophotometer (Ubest-55 made by JASCO) and the 
change in absorbance over 1 minute was determined at ABS : 340 nm. 

Note that the PDC activity was determined using the following formula (Mathematical expression 6): 
[Mathematical expression 6] 

Absorbance change over 1 minute 1000 jig 200 ul 1 

PDC activity value (U/mg protein) = x x x 

0.0063 0.05 ug 1000 ul 1000 

Note that the operation was carried out in accordance with the method described in Pronk, J.T, Steensma, 
H.Y. and Dijken, J.P., Pyruvate, Metabolism in Saccaromyces cerevisiae. Yeast, 1996, Vol. 12, 1607-1633. 

[0072] 

Based on the PDC activity obtained, a pyruvic acid saturation curve was created with [V] = PDC enzyme 
accuracy (U/mg) on the vertical axis and [S] = pyruvic acid concentration (mM) on the horizontal axis. This 
graph is shown in Figure 16. 

Furthermore, Lineweaver-Burk plots computed from individual inverse numbers were respectively created 
with 1/[V] and 1/[S] on the vertical and horizontal axes. These graphs are shown in Figure 17. The pyruvic 
acid concentration substrate affinity (Km value) was computed utilizing the fact that the intersection between 
the Lineweaver-Burk plot and the 1/[V] axis is 1/Vmax and the intersection between the plot and the 1/[S] 
axis is -1/Km. 

[0073] 

The Lineweaver-Burk plot showed that the pyruvic acid Km value of the yeast-derived pyruvate 
decarboxylase was 0.346 mM. 
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This value of 0.346 mM is 3.46 times the pyruvic acid Km value of the bovine-derived L^actate 
dehydrogenase, which was 0.1 mM in Embodiment 6. In other words, the bovine-derived L-lactate 
dehydrogenase has 3.46 times the substrate affinity of the yeast-derived pyruvate decarboxylase. 

Furthermore, this value of 0.346 mM is 0.346 times the pyruvic acid Km value of the Bifidobacterium 
longum-derived L-lactate dehydrogenase, which was 1.0 mM. In other words, said Lactobacillus-derived L- 
lactate dehydrogenase has only 0.346 times the substrate affinity of the yeast-derived pyruvate decarboxylase. 

[0074] 

The publications, including the patents and patent application specifications quoted in this Specification, are 
made part of this Specification through their quotation in entirety, as though each of these publications were 
clearly and individually described. Patent application specifications in Japanese patent application numbers 
2001-286637, 2002-128323, 2001-287159, 2002-128286, 2002-65880, and 2002-65879 are also made part of 
this Specification through their quotation, as though each of these specifications were clearly and 
individually described. 

[0075] . 

Industrial field of application 

The present invention can provide a technology for controlling the production of ethanol and stably mass- 
producing lactic acid inside a host organism having the pyruvate decarboxylase gene. 

[0076] 

[Sequence table free text] 

Sequence number 3: Modified DNA for coding Lactate dehydrogenase 
Sequence number 4: Modified DNA for coding Lactate dehydrogenase 
Sequence numbers 5 through 39: Primers 
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